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Description 



The present invention relates to a new process for the preparation of 2-aryl-propionic acids of general 
formula (I) 

5 



| 3 

10 Ar C COOH 

H (I) 

75 

wherein 

Ar represents an optionally substituted phenyl, naphthyl or heteroaryl radical, 
which comprises hydrogenating a complex salt of the corresponding 2-hydroxy-2-aryl-propionic acid of 
formula (II) 

20 

Me m X x Y y l^ (II) 
wherein 

Me is a bi- or tri-valent metal cation 
25 m is 1 or 2 

X is a mono- or bi-valent anion of formula (III) 

30 I 3 

Ar C COO" 

2 (III) 

35 

wherein Z is -OH or -CT, or the corresponding hypercarboxylated form (IV) 

Ar — c — coo" 

I 

ocoo (IV) 

45 

wherein 

Ar is as defined above 
x is 1.2, or 3, 

Y is an organic mono- or di-valent anion, 
50 y is 0 or an integer of from 1 to 4, 
L is a neutral organic ligand, 
I is 0 or a number comprised between 1 and 4 

nrnn^ re !f™ Sh * ^f^ 860 " m "' " x " and V is *uch'to P™ide tor the electroneutrality of the salt. i.e. the 
s , S2 * HI ™ dation state of the metal "Me" is equal to the sum of the product of "y- and the 

I^nSLir 6 EE/* " " d Pr0dUCt ° f " X " M me va,ence of *• -X"- Non-steroidal 

antiinflammatory (NSAI) agents are one of the largest class of drugs both due to their high number and their 
*e apeutic interest Non-steroidal antiinflammatory agents can be classified according to their chemical 
structure into four main classes. The most thoroughly studied one is the class of 2-aryl-propionic acids 



AO 



2 




whose chemical structures fall within the above reported formula (I). 

As representatives of this class there may be cited the compound of formula (I) wherein Ar is 4-(2- 
methyl-propyl)phenyl, which is commonly indicated with the international non-proprietary name (INN) 
ibuprofen and is marketed under different trade-names, the most common being Brufen®; the dextro isomer 

5 of the compound of formula (I) wherein Ar is a 6-methoxy-2-naphthyl radical which is known as naproxen 
and is marketed under different trade-marks including Naprosyn®; the compound of formula (I) wherein Ar 
represents a 3-phenoxy-phenyI radical which is known as tenoprofen and marketed, as the corresponding 
calcium salt, as Feprona®. Fenopron®, or Naif on®; the compound wherein Ar is 2-fluoro-4-biphenylyl, 
known as flurbiprofen and marketed as Froben®; the compound of formula (I) wherein Ar-designates a 7- 

10 methoxy-10-methyl-phenothiazinyl radical (protizinic acid) marketed as Pirocrid®; the compound of formula 
(I) wherein Ar is a 7-{5H-[1 ]benzopyran[2, 3-b]pyridin}yl radical which is known as pranoprofen and 
marketed as Nrflan® etc. 

The importance of these compounds which actually represent the non-steroidal antiinflammatory drugs 
most widely and effectively used in the treatment of arthritis has increased to the point that a great number 
75 of different synthetic methods have been developed (see for instance the review published in Tetrahedron, 
Vol.42, pp. 4095-4131 (1986), entitled "Methods for the synthesis of antiinflammatory 2-aryl-propionic 
acids"). 

Some of these methods involve 2-hydroxy-2-aryl-propionic acids of formula (V) 

20 

! 3 

Ar C COOH 

25 OH (V) 

as intermediates. 

30 These compounds are then converted into the desired aryl-propionic acids by hydrogenolysis directly 
or by dehydration followed by hydrogenation. 

Methods for preparing the intermediates 2-hydroxy-2-aryl-propionic acids through electrochemical 
carboxylation of carbonyl compounds, have been reported recently in the patent and open literature. 

In U.S. Patent 4 601 797 as well as in Japanese patent applications J6 0100536. (Chem.Abs. 103 . 

35 214989y) and J6 0103193 (Chem.Abs 103, 131247d) and, more particularly, in EP-A-189120. preparation of 
these 2-hydroxy-2-aryl-propionic acids (whose only interest as intermediates in the synthesis of the desired 
2-aryl-propionic acids is acknowledged), is described through electrocarboxylation of the corresponding aryl 
methyl ketones. When, according to the process described in EP-A-189,120 and to a preferred embodiment 
of the process described in USP 4.601,797, the electrocarboxylation reaction is carried out with a metal 

40 anode which dissolves, as a metal cation, during the electrocarboxylation reaction (dissolving anodes), a 
complex salt of the desired 2-hydroxy-2-aryl-propionic acid with the anode metal cation is obtained. The salt 
which forms is then recovered from the reaction medium and hydrolysed by treatment with an acidic 
aqueous solution to the intermediate free 2-hydroxy-2-aryl-propionic acid of formula (V). This last compound 
is then converted into the desired 2-aryl-propionic acid, as anticipated, either by hydrogenolysis or by 

45 dehydration followed by hydrogenation. 

It has now surprisingly been found that it is possible to obtain the desired 2-aryl-propionic acid, by 
directly hydrogenating the complex salt of the 2-hydroxy-2-aryl-propionic acid, with no need to hydrolyse 
this salt to the free acid form, as provided for by the processes of the above cited patents and patent 
applications. 

so The advantages in the industrial practice due to the possibility of avoiding a whole step (the hydrolysis 
of the salt to give the free 2-hydroxy-acid). are apparent 

Besides the indirect economical advantages obviously deriving from this remarkable simplification of the 
preparation process, as a direct result, the yields obtained in the hydrogenation of salt (II) are almost 
quantitative and the obtained product is of a purity greater than that obtainable with the prior-art processes 

ss which run through the free hydroxy-acid. For the purposes of the present invention, the term "optionally 
substituted phenyl or naphthyl radical", used in defining Ar. designates a phenyl or naphthyl radical which 
may be unsubstituted or substituted with one to three substituents, which are the same or different, and do 
not negatively interfere with the electrocarboxylation and hydrogenation reactions. In particular, substituents 
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• 



which may be present, are, for instance, alkyl, phenyl, alkoxy, phenoxy, fluoro and chloro. 

The term -optionally substituted heteroaryl radical" represents a mono- or poly-cyclic heteroaromatic 
radical which may contain from 1 to 3 heteroatoms independently selected from oxygen, nitrogen and 
sulfur, and be unsubstrtuted or bear one or more substituents. which are the same or different as defined 
5 above. 

According to a preferred embodiment of the present invention, Ar is selected from the group consisting 
of 4-(2-methyl-propyl)phenyl, 3-phenoxy-phenyl, 2-f1uoro-4-biphenylyf, 7-methoxy-1 O-methyl-2- 
phenothiazinyl. and 6-methoxy-2-naphthyl. The acids of formula (I) wherein Ar has the above meanings are 
in fact the most interesting NSAI compounds. _ 

to According to a most preferred embodiment of the present invention Ar is 4~(2-methy!-propyl)phenvl or 
6-methoxy-2-naphthyl. 7 

The term "bi- or tri-valent metal cation" refers to any metal cation with (II) or (III) oxidation state such 
as for instance, a bi-valent alkaline earth metal cation, and in particular Mg, a tri-valent Group Hi metal 
cation, ,n particular Al, or a bi- or tri-valent cation of the first transition elements, in particular Fe, Cu. and 

The term "mono- or bi-valent organic anion" includes hydroxyl ion <C,-Cs )alcoholate such as 
methylate. .sopropylate. 1-phenyl-ethylate. etc., carbonate and carboxylate deriving from aliphatic mono- or 
bi-carboxylic acids such as acetate, propionate, oxalate, etc. 

Finally, the term "neutral organic ligand" designates any organic molecule with zero ionic charge which 
20 contams at least one atom with a lone ion pair, such as for instance an alkanol, e.g. methanol, and ethanol 
a linear or cyclic ether, e.g. diethyl ether, tetrahydrofuran. and dioxane. an amide, e.g. dimethylformamide' 
and acetamide, a nitnle. e.g. acetonitrile, and propionitrile, a sulfoxide, e.g. dimethylsulfoxide etc 
■ T , he 2 ; h V* 0 *=y-2-aryl-propionic acid complex metal salt which is hydrogenated. according to the present 
2s fHaSTm d6Sired 2 * aryl " pr0pionic acid ' is here indicated b V •» structure reported in general 

The meanings of y. Y. I. and L in formula (II) will generally depend on the process used for preparing 
tte complex salt. As an example, when the complex salt is prepared starting from a compound of formula 
anion Y ^ ****»V*-*Y***e ^id of formula (V). the complex salt will probably contain the 
30 , f r * depend °" molar ratio B"™** «* reactio " P^ers. The use of a 

one or 5^ IT "? *°"! action medium or to P^P*** the comp.ex salt, might lead to the inclusion of 
one or more solvent neutral molecules as L ligands. 

oht^*' Wh , e !l aCC 2L din ? t0 3 Preferred embodime "t ^ ^e Present invention, the complex salt is 
a^dTorlarbona^o^^ 0 ! 0 ' ? «* -ethyl ketone, it might also contain oxalate 

as SIT etetrOCh ° miCal nation reaction, neutra. solvent molecu.es. 

Qene H raJ d 3Sl° f „ t !i e °° 7*? ^ formU ' a (,,) aCC ° rding t0 present invention - is a action of a 
^ndSall v r^^Tw^T Lf"- V™*** US8d Prepafing * e compound; it is however 

SSwShT^T - ^- 2 " n y c,rox y 2 - ar V | -P f opionic acid. e.g. when the starting satt is obtained by 
elecfrochem.cal carboxylation of the corresponding aryl methyl ketone with dissolving anodes. 

formula m * * 0bj0Ct ° f Pr8Sent invention a process tof Preparing a 2-aryl-propionic acid of 

ToT^Z^l^^Z^ which ™ ~ to aI -~ a - - 

Ar C — CH, 

y 

° (VI) 

in a diaphragm-less cell with dissolving metal anodes, recovering the thus formed 2-hvdroxv-2-arvl- 

Z^ZsTT^nlTT^V- *"* materia,S may convenie^y^elmXye^ 
rnaanSm ontilJT V ^1 ** * f ° mUUi ™ ,0r instance - ^minum. zinc. iron, copper 
Z 0 9 nZ£ S V y& t ?"5 ~? 0ther * and ' m0re 9enera,, y- *°- mete,s *»**. in the electrons 
? JSL W ^° d,C h *f olufion vote 9* «°wer than that of the other species present in so.ut.on. 
m Jr^T 9 ^! ^ I 6 " 8 * 1 embod,ment of ^e present invention Me therefore represents a bi- or tri-valent 
metal cafton selected from the group substantially consisting of Al. Fe. Cu. Zn, and Mg 

Accord.ng to a most preferred embodiment of the present invention, in view of' the optimum results 
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which are obtained in the electrocarboxylation of aryl methyl ketones with aluminum anodes, as reported in 
EP-A-189,120. Me represents a tri-valent aluminum cation. 

Hydrogenation of the salt of formula (II) according to the present invention, may be carried out either in 
the presence or in the absence of molecular hydrogen under homogeneous or heterogeneous catalysis 
5 conditions. More particularly, the reaction can be conducted in a stream of hydrogen or under hydrogen 
atmosphere at a pressure which may be equal to or higher than the atmospheric pressure, optionally in the 
presence of an inert gas, such as nitrogen, or argon, or otherwise hydrogen can be generated in situ by 
suitable hydrogen donors, wherein "hydrogen donor" designates any organic substance that in the 
presence of a suitable catalyst, spontaneously oxidises itself releasing hydrogen. 
to In the former case, the reaction may be carried out at hydrogen pressures comprised between 100 and 
10.000 KPa, and. preferably, between 500 and 5000 KPa. 

In the latter case, "hydrogen donors" which could suitably be employed are; for instance, hydrazine, 
secondary alcohols, e.g. isopropyl alcohol, sec-butyl alcohol, 1 -phenyl-ethyl alcohol, etc.. olefins, e.g. 1- 
hexene, cyclohexene. etc.. 

/5 Suitable cataJysts for the hydrogenation of the complex salts of formula (II). according to the present 
invention are, for instance, the Group VIII elements and typically finely divided palladium and platinum, 
optionally supported on inert materials such as carbon and asbestos, rhodium, iridium, platinum and 
ruthenium complexes optionally modified with ligands such as phosphines. arsines. tertiary nitrogen bases, 
etc., nickel-Raney or pure nickel, and the like cataJysts commonly used in hydrogenation reactions. 

20 Said catalysts are employed in amounts sufficient to provide quantitative hydrogenation yields with an 
industrially acceptable reaction rate. Generally, when the reaction is carried out under heterogeneous 
catalysis conditions, an amount of catalyst comprised between 0.5 and 20 % by weight, calculated on the 
weight of the starting substrate, and preferably comprised between 5 and 15 %. is employed. When the 
reaction is carried out under homogeneous catalysis conditions, a smaller amount of catalyst will be used, 

25 generally comprised between 0.1 and 10 % by weight, calculated on the weight of the substrate to be 
hydrogenated, and preferably comprised between 0.5 and 5 %. For economic reasons it is however 
desirable to use the smallest possible amount of catalyst, which can be determined very easily by any 
skilled technician by means of simple tests. 

Generally, the optimum temperature for the reaction depends on the particular type of catalyst 

30 employed. Preferably, however, the reaction is conducted at a temperature higher than room temperature 
and typically comprised between 50 and 1 80 * C. The reaction is carried out in the presence of an organic 
solvent or a suitable mixture of organic solvents, which is capable of dissolving the starting salt of formula 
(II). is stable under the hydrogenation conditions and is compatible with the particular catalyst employed in 
the hydrogenation reaction. 

35 Suitable solvents are for instance lower aliphatic alcohols, e.g. methanol, ethanol, etc., ethers and 
polyethers, e.g. dioxane, bis-(2-methoxyethyl) ether, dimethoxy ethane, etc., aliphatic carboxylic acids and 
the alkyl esters thereof, e.g. acetic acid, ethyl acetate, propionic acid, and methyl propionate, aliphatic 
nitrites, e.g. acetonitrile, propionitrile. etc., haJogenated hydrocarbons, such as methylene chloride, dich- 
lorethane, chloroform, etc., amide-like solvents, e.g. dimethylformamide, and dimethylacetamide, and 

40 dimethylsulfoxide. 

In some instances it is also possible to use the "hydrogen-donor" as the reaction solvent, e.g. when the 
"hydrogen donor" is isopropanol, or 1 -phenyl-ethanol. In this case the alcohol will behave both as the 
solvent and the "hydrogen donor" and hydrogenation will be easily carried out by adding the catalyst to a 
solution of the salt of formula (II) in e.g. isopropanol or 1-phenylethanol. 

45 At the end of the reaction, which will typically be complete in a few hours, in the case of heterogeneous 
catalysis, the heterogeneous catalyst is filtered off and the solvent is removed. The thus obtained residue 
may then be purified according to conventional techniques which involve, for instance, dissolving the 
residue in aqueous alkaline solution, washing the obtained solution with water-immiscible organic solvents 
and precipitating the desired acid of formula (I) by acidification with mineral acids. In the case of 

so homogeneous catalysis, the procedure for recovering the desired product will depend on the particular type 
of catalyst employed. Generally, however, once the solvent has been removed, it is possible, to follow 
substantially the same purification procedure outlined in the case of heterogeneous catalysis, if, as usually 
occurs, the catalyst is removed by washing with the water-immiscible solvent. If desired, the thus obtained 
2-aryl-propionic acid can be further purified and/or resolved into the single isomers, according to the 

55 conventional methods known in literature. 

When, according to a preferred embodiment of the present invention, the salt of formula (II) is obtained 
via electrochemical carboxylation in a diaphragm-less cell with dissolving anodes, according to the 
teachings of EP-A-189.120 and U.S. 4,601.797, which are incorporated herein by reference, the salt is 
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selectively precipitated from the reaction mixture by the addition of a precipitating solvent or a mixture of 
precipitating solvents. 

Said precipitating solvents are selected from those classed as apolar or slightly polar organic solvents 
which do not precipitate the starting aryl methyl ketone and, preferably, from the slightly polar organic 
solvents which do not precipitate the supporting electrolyte used in the electrocarboxylation step. Suitable 
solvents are, for instance, aliphatic ethers, lower aliphatic alcohols, halogenated aliphatic or aromatic 
hydrocarbons, ketones, etc. Preferably, said precipitating solvents will be selected from the group consisting 
of aliphatic ethers and alcohols and halogenated hydrocartxms and more preferably from the ethers such as 
methyl tert-butyl ether or methyl isopropyl ether. - 
> These solvents in fact besides selectively precipitating the salt of formula (II), are also particularly 
advantageous as far as recycling of the electrolytic solution is concerned. Owing in fact to their low boiling 
points, they can be easily removed from the filtrate by simple evaporation thus allowing an easy recycle 
thereof. Furthermore it has been demonstrated that these solvents do not interfere with the electrocarbox- 
ylation reaction when they are present in the recycling solution in amounts which are insufficient to 
precipitate the salt (II). 

The precipitated salt of formula (II) is then washed with the precipitating solvent, dried, redissolved in 
the suitable solvent and hydrogenated under the above described conditions. As anticipated, the precipitate 
which is obtained from the electrocarboxylation reaction substantially consists of a compound of chemical 
structure (II). 

The following examples which illustrate in detail the process of the present invention in some 
representative embodiments, are not to be construed as a limitation to the scopes of the invention itself. 

Example 1 

A solution of 6-methoxy-2-acetonaphthone (20 g, 0.1 mol) and tetrabutylammonium bromide (3.7 g 
0.012 mol) in anhydrous dimethylformamide (100 ml) is electrolysed in a glass diaphragm-less cell with 
aluminum electrodes (both anode and cathode). The electrocarboxylation reaction is carried out' at a 
temperature of 1 0 • C. under 250 KPa of CCfe . 

The intensity of the current circulating through the cell is kept constant at 650 mA, gradually increasinq 
cell potential from 3 to 7 V. * 

After about 6 hours, when chromatographic analysis shows a * 90 % conversion of the starting ketone 
the cell is emptied, the temperature is allowed to raise to room temperature and methyl alcohol (5 ml) and 
methyl tert-butyl ether (MTBE) (400 ml) are added to the reaction mixture. The obtained precipitate is 
recovered by filtration and washed with small amounts of MTBE affording an aluminum complex salt (32 g) 
with the following chemico-physical characteristics N.M.R. & [(multiplicity, relative intensity) in acetic acid <U 
- TMS:5 = 0] 

™ ( ^A 3H - CH3>: 2 4 (S ' 3)(3H - CH3): 2 9 (S ' DMF CH '>: 3 0 <*• 36H3H. DMF CH 3 ): 3.4 (s. 17V 

(3H. CH 3 OH); 3.8 (s, 3)(3H. OCH 3 ); 3.9 (s, 24)(3H. OCH 3 ); 7.1*7.2 (m. 20)(2 aromatic H); 7.6*7.8 (m 30)(3 
aromatic H); 7.9+ai (m, 22)(1 aromatic H + 1 DMF formyl H) 

!iS ( r^^ <b / ) \ 2 fT^ ) \ 1680 (S) * 1675 (S)> 1620 (S) - 1515 < m) - 1495 < m >- 1350 <">■ 128 ° <s>. 12^0 

SS , JL\ 1 " (n * 1150 (W) ' 1130 (W) ' 1110 (w) - 1080 < m >' 1040 <*>• 980 940 M. 910 (s). 870 (m). 
850 (m). 825 (w). 785 (w). 770 (w). 735 (m). 600 (br). 495 (m) cm"'. 

mn E ' e ™^ analysis : Al 5.7%; C 53.8%; H 6.0%; N 3.7% This product is dissolved in acetic acid (100 

Z iV?r* 9) I 8 "T addSd t0 * e thuS ° btained so,ution - and hydrogenation reaction is 
conducted at 120* C under a hydrogen pressure of 2000 KPa. 

m^ZJ^T^ 9 reaCti ° n J S com P |ete - The catalyst is then removed by filtration, the solvent is 

m^T^™ * ^l 888 residue is dissolved in a two-phase system consisting of 10 % aqueous 

NaOH (100 ml) and toluene (20 ml). ^ 

The aqueous alkaline phase is then separated and brought to pH 3 by the addition of concentrated HCI. 
^1?? f *h precipitates and is recovered by filtration (19 g) consists of raw aluminum-free (R.S)2-(6«- 
methoxy-2-naphthyl)propionic acid, with a minimum titre greater than 95%. 

Example 2 

m -«f V , MU) ™!" g substantialty the same procedure as in the foregoing example but starting from 4-(2- 
^22^ l)acato P nenone < 10 9) instead of 6-methoxy-acetonaphthone and using a slightly lower amount 
o b ^7m^ZTZ%° mi<i9 <3 ' 5 9) ' {R - S > 2 *< 4 -< 2 - meth y'-P ro PV | )P h a"W)pro P ion i c acid (11.5 g) is 
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Example 3 

The process of example 1 has been repeated by using a Zinc anode instead of an aluminum anode. 
The intermediate zinc salt has been hydrogenated under the conditions of example 1 affording the 
5 desired (R.S^-fe'-methoxy^-naphthyOpropionic acid (with a titre greater than 95 %) with an 81 % yield 
calculated on the starting ketone (18.6 g). 

Examples 4-6 

io The procedure of example 1 has been substantially repeated by varying the solvent used for 
precipitating the salt at the end of the electrocarboxylation step. The results are reported in following Table I 
wherein the solvents used instead of methyl alcohol (5 ml) and MTBE (400 ml), and the amount thereof, are 
indicated : 

75 Table I 



Ex. no. 


Precipitating solvent 


% Yield 


4 


sec-butyl alcohol (350 ml) 


83 


5 


methyl isobutyl ketone (400 ml) 


78 


6 


methyl tert-butyl ether (400 ml) 


85 



Example 7 

The hydrogenation reaction described in the second part of example 1 is repeated varying the 
hydrogenation conditions, and more particularly, using nickel-Raney (5 g) instead of Pd/C, and carrying out 
the hydrogenation at 1 40 * C. 

The desired product is obtained in 94 % yield, calculated on the starting salt. 

Example 8 

A solution of 6-methoxy-2-acetonaphthone (15.5 g, 77.5 mmol) and tetrabutyl ammonium bromide (3.6 
g, 11.7 mmol) in anhydrous dimethylformamide (90 ml) is electrolysed in a diaphragm-less glass cell, under 
vigorous stirring, with aluminum electrodes (both cathode and anode). The electrocarboxylation reaction is 
carried out at a temperature of 10* C, under a CO2 pressure of 250 KPa. The electrolysis is run at 650 mA 
constant current, gradually increasing cell potential from 3 to 7 V. 

After about 6 hours, when chromatographic analysis shows 90% conversion of the starting ketone, 
the cell is emptied, the temperature is allowed to raise to room temperature and methyl alcohol (5 ml) and 
methyl tert-butyl ether (MTBE) (300 ml) are added to the reaction mixture. 

The precipitate which is obtained is recovered by filtration, washed with MTBE (100 ml) and dried under 
vacuum at 50 *C. This precipitate (25 g) is dissolved in a mixture of acetic acid (25 ml) and dichloroethane 
(50 ml), RhCI(PPha)3 (0.2 g) is added to the obtained solution and hydrogenation is conducted at 120*C 
and a hydrogen pressure of 2000 KPa. 

After 3 hours the reaction is complete. The solvent is then removed by under vacuum evaporation and 
the product is purified by following substantially the same procedure as in example 1, thus recovering 14.5 
g of raw, aluminum-free (R,S)2-{6 , -methoxy-2 , -naphthyl)propionic acid, with a titre higher than 95 %. 

Example 9 

The aluminum salt of 2-hydroxy-2-(6'-methoxy-2 , -naphthyl)propionic acid is prepared starting from the 
corresponding acid (10.0 g, 40.65 mmol) by treatment with aluminum isopropylate (5.53 g, 27.10 mmol) in 
reffuxing toluene (100 ml), for 3 hours, gradually removing the isopropyl alcohol which forms by azeotropic 
distillation in a Dean-Stark apparatus. The reaction mixture is then cooled and the precipitated salt is 
recovered by filtration (10.2 g), dissolved in acetic acid (100 ml) and hydrogenated under the same 
conditions as in the second part of example 1 . 

(R,S)2-(6*-methoxy-2-naphthyl)propionic acid (8.45 g - 90 %) is obtained with a 97 % titer. 



40 
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Comparative Example 



Hydrogenation of the free acid 



The aluminum complex salt (25 g) obtained by following the electrocarboxylation procedure described 
in the first part of example 1, is dissolved by triturating it with methyl isobutyl ketone (100 ml), water (200 
ml) and concentrated HCI (20 ml). The organic phase is separated and extracted with 10 % aqueous NaOH 
(200 ml). The free acid is precipitated from this aqueous alkaline solution, by acidification with concentrated 
HCI. The precipitate, which is separated by filtration, is washed with water and dried (10.0- g), and then 
suspended in glacial, acetic acid (100 ml) and hydrogenated according to the procedure described in the 
second part of example 1. A tarry product (2.90 g) is thus obtained with a naproxen titer of 75 %. 



Claims 



1. A process for preparing an aryl-propionic acid of general formula (I) 



Ar C COOH 

I 

H (I) 



wherein 

Ar designates an optionally substituted phenyl, naphthyl, or heteroaryl radical, 
which comprises catalytically hydrogenating a complex salt of the corresponding 2-hydroxy-2-aryl- 
propionic acid of formula (II) 

Me^YyL, (II) 

wherein 

Me is a bi- or tri-valent metal cation, 
m is 1 or 2 

X is a mono- or di-valent anion of formula (III) 



Ar- 



I 3 
-C 

I 

z 



coo 



(III) 



wherein 

Z is an -OH or -O" group, and 
Ar is as defined above, 
or the corresponding hypercarboxylated form of formula (IV) 



I 3 



Ar C COO 

I . 

OCOO ( IV ) 



wherein 

Ar is as defined above 
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x is 1, 2, or 3 

Y is a mono- or di-valent organic anion, 
y is 0 or an integer comprised between 1 and 4, 
L is a neutral organic ligand, 
1 is 0 or a number comprised between 1 and 4, 
and the relationships between "m\ "x", and "y" are such to provide for salt electroneutrality. 

2. The process of claim 1 wherein Ar is selected from 4-(2-methyl-propyl)phenyl. 3-phenoxy-phenyl 2- 
fluoro-biphenylyl, 7-methoxy-10-methyl-2-pheno thiazinyl. and 6-methoxy-2-naphthyl. - 

3. The process of claim 2 wherein Ar is selected from 4-<2-methyl-propyl)phenyl and 6-methoxy-2- 
naphthyl. 

4. The process of claim 3 wherein Ar is 6-methoxy-2-naphthyl. 

5. The process of claim 1 wherein Me is selected from Al, Fe, Zn, Mg, and Cu. 

6. The process of claim 5 wherein Me is selected from Al* 3 and Zn* 2 . 

20 7. The process of claim 1 wherein the catalyst is selected from the group consisting of finely divided. 

optionally supported, palladium and platinum, rhodium, iridum, platinum, and ruthenium complexes 
optionally modified with ligands, nickel-Raney and pure nickel 
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8. The process of claim 7 wherein the catalyst is palladium on carbon. 

9. The process of claim 1 wherein hydrogen is generated in situ from a "hydrogen donor". 



10. The process of any of the preceding claims wherein the metal salt which undergoes hydrogenation is 
obtained via electrochemical carboxylation of the corresponding aryl methyl ketone in a diaphragm-less 

30 cell with a dissolving anode. 

11. A process for the preparation of a 2-aryl-propionic acid of formula (I) 

CH- 

35 | 3 

Ar C- COOH 

I 

H (I) 

AO 

wherein 

Ar designates an optionally substituted phenyl, naphthyl, or heteroaryl radical, 
which comprises submitting to electrochemical carboxylation the corresponding aryl methyl ketone of 
formula (VI) 

45 

Ar C CH^ (VT) 

H 3 
O 

50 

wherein 

Ar is as defined above, 
in a diaphragm-less cell, with a dissolving anode, separating the thus formed metal complex salt and 
55 catalytically hydrogenating it. 

12. The process of claim 11 wherein Ar is selected from 4~(2-methyl-propyl)phenyl and 6-methoxy-2- 
naphthyl. 
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13. The process of claim 12 wherein Ar is 6-methoxy-2-naphthyl. 

14. The process of claim 11 wherein the metal salt is separated from the mixture deriving from the 
electrocarboxylation by precipitation with one or more precipitating solvents. 

15. The process of claim 14 wherein the precipitating solvent is an ether. 

16. The process of claim 15 wherein the precipitating solvent is methyl tert-butyl ether. 

17. The process of claim 11 wherein the dissolving anodes employed in the electrocarboxylation step are 
formed from aluminum, zinc, magnesium, copper, iron and their alloys. 

Revindications 



1. ProcSde* pour la preparation d'un acide aryl-propionique de formule g^neVale (I) 



Ar C COOH 

I 

H (I) 



dans laquelie : 

Ar designe un radical phdnyle, naphtyle ou h^teVoaryle, eventuellement substitue\ 
qui comprend I'hydrogSnation catalytique d'un sel complexe de I'acide 2-hydroxy-2-aryl-propionique 
correspondant de formule (II) 

Me m X x Y y U (H) 

dans laquelie 

Me est un cation de mStal bi- ou trivalent, 
m vaut 1 ou 2, 

X est un anion mono- ou divalent de formule (III) 



CH- 



Ar- 



-C- 
\ 

2 



•COO 



(III) 



dans laquelie 

2 est un groupe -OH ou -0~. et 

Ar est tel que ddfini ci-dessus, 
ou fa forme hypercarboxylee correspondante de formule (IV) 



CH-. 
I 3 



Ar c coo 

OCOO (IV) 
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dans laquelle 

Ar est tel que defini ci-dessus ; 
x vaut 1 , 2 ou 3. 

Y est un anion organique mono- ou divalent, 
5 y est 0 ou un nombre entier compris entre 1 et 4. 

L est un ligand organique neutre, 
I est 0 ou un nombre compris entre 1 et 4, 
et la relation entre "m". "x" et "y" est telle qu'elle assure I'Electroneutralite* du sel. 

to 2. ProcEdE selon revendication 1 . dans lequel Ar est choisi parmi les radicaux 4-(2-m£thyl-propyl)ph6nyle, 
3-ph<§noxy-ph4nyle, 2-fluoro-biphenylyle. 7-methoxy-10-mdthyl-2-ph^nothiazinyle et 6-m6thoxy-2-naph- 
tyle. 

3. ProcEde* selon la revendication 2, dans lequel Ar est choisi parmi les radicaux 4-(2-m£thyl-propyl>- 
15 phEnyle et 6-m6thoxy-2-naphtyle. 

4. Precede* selon la revendication 3. dans lequel Ar est ie radical 6-m6thoxy-2-naphtyle. 

5. Proc6de* selon la revendication 1, dans lequel Me est choisi parmi AI, Fe, Zn, Mg et Cu. 

6. ProcEde* selon la revendication 5, dans lequel Me est choisi parmi A)* 3 et Zn* 2 . 



20 



7. Precede* selon la revendication 1, dans lequel le catalyseur est choisi dans le groups comprenant le 
palladium et le platine finement divtsEs. eventuellement fixEs sur un support, les complexes de 

25 rhodium, d'iridium, de platine ou de ruthenium, Eventuellement modifies avec des ligands, le nickel de 
Raney et le nickel pur. 

8. ProcEde* selon la revendication 7. dans lequel le catalyseur est du palladium sur charbon. 

30 9. Precede* selon la revendication 1, dans lequel I'hydrogene est produrt in situ a partir d'un "donneur 
d f hydrogene\ ~~ 

10. ProcEde* selon Tune quelconque des revendi cations prdcSdentes, dans lequel on obtient le sel 
mEtallique qui subit ThydrogEnation par une carboxytation electrochimique de I'aryl-mEthyl-cetone 

35 correspondarrte, dans une cellule sans diaphragme avec une anode soluble. 

11. Precede" pour la preparation d'un acide 2-aryl-propionique de formule (I) 

Ar C- CCOH 

H (I) 

45 

dans laquelle 

Ar oesigne un radical phe*nyle, naphtyle ou h£te>oaryle, Eventuellement substitue\ 

qui comprend la carboxylation Electrochimique de raryl-mEthyl-ce'tone correspondante de formule (VI) 

Ar - C - CH 3 (VI) 
u 
O 

dans laquelle Ar est tel que deTmi ci-dessus, 

dans une cellule sans diaphragme, avec une anode soluble, la separation du sel complexe metellique 
ainsi forme* et son hydrogEnation catalytique. 

11 
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12. Procede selon la revendication 11, dans lequel Ar est choisi parmi les radicaux 4-(2-methyl-propyl)- 
phenyle et 6-methoxy-2-naphtyle. 

13. Procede selon la revendication 12, dans lequel Ar est le radical 6-methoxy-2-naphtyle. 

14. Procede* selon la revendication 11, dans lequel on se>are le sel m^tallique du melange provenant de 
I'eMectrocarboxylation par precipitation avec un ou plusieurs solvants pnScipitants. 

15. Proc£de* selon la revendication 14, dans lequel le solvant precipitant est un Sther. 

16. Procede selon la revendication 15, dans lequel le solvant precipitant est le mSthyl-tert-buty lather. 

17. Procede selon la revendication 11, dans lequel les anodes solubles utilisees dans Petape d'£lectrocar- 
boxylation sont formers d'aluminium. de zinc, de magnesium, de cuivre, de fer ou de leurs alliages. 

Patentanspniche 

1. Verfahren zur Herstellung einer Arylpropionsaure der allgemeinen Formel (I) 



1 3 

Ar C COOH 

I 

H (I) , 



worin Ar einen gegebenenfalls substituierten Phenyl-, Naphthyl- Oder Heteroarylrest bezeichnet, 
welches Verfahren ein katalytisches Hydrieren eines Komplexsalzes der entsprechenden 2-Hydroxy-2- 
aryfpropionsaure der Formel (II) 

Me^YyL, (II) , 

worin 

Me fur ein zwei- oder dreiwertiges Metallkation steht, 

m den Wert 1 oder 2 aufweist, 

X ein ein- oder zweiwertiges Anion der Formel (III) 




Ar C COO 

I 

Z (III) » 

worin Z eine -OH- oder -0~-Gruppe bezeichnet und Ar wie oben definiert ist. 
oder die entsprechende hypercarboxylierte Form der Formel (IV) 




Ar- — C COO 

J _ 

OCOO (IV) 



bezeichnet, worin Ar wie oben definiert ist, 
X den wert 1, 2 oder 3 aufweist, 

Y ein ein- oder zweiwertiges organisches Anion darstellt. 
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y fur 0 Oder eine ganze Zahl von 1 bis 4 bedeutet, 
L einen neutralen organischen Liganden darstellt und 
I fur 0 Oder eine Zahl von 1 bis 4 stent. 
umfaBt, wobei die Beziehungen zwischen "m", "x" und "y" derart sind, dafl das Salz elektroneutral ist. 

5 

2. Verfahren nach Anspruch 1, worin Ar unter 4-(2-Methylpropyl)phenyl, 3-Phenoxyphenyl. 2-Fluor-biphe- 
nylyl, 7-Methoxy-10-methyl-2-pheno-thiazinyl und 6-Methoxy-2-naphthyl ausgewahlt wird. 

a Verfahren nach Anspruch 2, worin Ar unter 4-(2-Methylpropyl)phenyl und 6-Methoxy-2-naphthyl ausge- 
io wahlt wird. 

4. Verfahren nach Anspruch 3. worin Ar fur 6-Methoxy-2-naphthyl steht. 

5. Verfahren nach Anspruch 1, worin Me unter Al, Fe, Zn. Mg und Cu ausgewahlt wird. 

75 

6. Verfahren nach Anspruch 5, worin Me unter Al* 3 und Zn 2 ausgewahlt wird. 

7. Verfahren nach Anspruch 1. worin der Kataiysator aus der aus fein verteiltem, gegebenenfalls auf 
einem Trager aufgebrachtem Palladium und Platin, Rhodium-, Iridium-, Platin- und Rutheniumkomple- 

20 xen, die gegebenenfalls mit Liganden modifiziert sind, Raney-Nickel und Reinnickel bestehenden 
Gruppe ausgewahlt wird. 

8. Verfahren nach Anspruch 7, worin der Kataiysator Palladium auf Kohle ist. 

25 9. Verfahren nach Anspruch 1 , worin der Wasserstoff in situ aus einem "wasserstoffdonator" gebildet wird. 

10. Verfahren nach einem der vorstehenden Anspruche, worin das der Hydrierung zugefuhrte Metallsalz 
durch elektrochemische Carboxylierung des entsprechenden Arylmethylketons in einer Diaphragma- 
losen Zelle mit einer I6slichen Anode erhalten wird. 

30 

11. Verfahren zur Herstellung einer 2-Arylpropionsaure der Formel (I) 



(i) . 

40 

worin Ar einen gegebenenfalls substituierten Phenyl-, Naphthyl- Oder Heteroarylrest bezeichnet, 
welches Verfahren ein elektrochemisches Carboxylieren des entsprechenden Arylmethylketons der 
Formel (VI) 

45 

Ar C CH 

A\ 

o 

50 

worin Ar wie oben definiert ist, 
in einer Diaphragma-losen Zelle mit einer loslichen Anode, ein Abtrennen des solcherart gebiideten 
Metallkomplexsalzes und ein Katalytisches Hydrieren desselben umfaBt. 

55 12. Verfahren nach Anspruch 11, worin Ar unter 4-(2-Methylpropyl)phenyl und 6-Methoxy-2-naphthyl 
ausgewahlt wird. 

13. Verfahren nach Anspruch 12, worin Ar fOr 6-Methoxy-2-naphthyl steht. 



CH-. 

35 J J 



Ar C- COOH 

I 

H 



(VI) f 
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14. Verfahren nach Anspruch 11, worin das Metallsalz aus dem durch die Elektrocarboxylienjng stammen- 
den Gemisch durch Ausfallung mit einem oder mit mehreren Fallungslosungsmitteln abgetrennt wird. 

15. Verfahren nach Anspruch 14, worin das Fallungslosungsmittel ein Ether ist. 

16. Verfahren nach Anspruch 15, worin das Fallungslosungsmittel Methyl-tertbutylether ist. 

17. Verfahren nach Anspruch 11, worin die in der Elektrocarboxylierungsstufe verwendeten loslichen 
Anoden aus Aluminium, Zink, Magnesium, Kupfer, Eisen oder deren Legierungen gebildet-sind. 
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